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ADVANCED	BIOLOGICAL	SYSTEMS	
Unit	#1:	Evolution	
Instructional	resource	#4:	Genetic	drift	and	Founder	effect	
	
Instructors’	notes	
Genetic	drift	is	a	term	used	to	describe	chance	fluctuations	in	the	allelic	
frequencies	in	a	population	over	time.	The	effects	of	genetic	drift	tend	to	be	very	
minor	in	large	populations,	but	they	can	be	quite	significant	in	small	populations.	
Alleles	are	different	functional	forms	in	which	a	gene	might	exist.	Humans	have	
two	alleles,	sometimes	the	same	but	sometimes	different,	of	most	of	their	genes.	In	
any	population,	it	is	possible	to	determine	the	frequency	of	all	alleles.	If	these	
alleles	get	passed	on	to	the	next	generation	at	random,	then	we	should	expect	to	
see	approximately	the	same	frequencies	of	alleles	in	the	next	generation.	But	due	
to	chance,	slightly	more	of	one	allele	might	get	passed	on,	causing	the	allelic	
frequencies	to	change	over	generations.	This	affect	will	be	more	pronounced	in	a	
small	population	with	a	small	number	of	alleles.	Thus,	the	frequencies	of	the	
alleles	in	a	population	will	tend	to	fluctuate	or	“drift”	up	and	down	over	time.	
	
As	the	allelic	frequencies	of	a	gene	fluctuate,	it	is	possible,	especially	in	a	very	
small	population,	that	an	allele	may	actually	drift	to	the	point	where	its	frequency	
reaches	zero.	This	means	that	the	allele	no	longer	exists	in	the	population,	and	is	
called	allelic	fixation.	It	is	for	this	reason	that	genetic	drift	is	treated	as	an	
evolutionary	mechanism	that	decreases	genetic	variability	within	a	population.	
This	is	also	the	reason	why	conservation	groups	worry	over	smaller	populations	of	
endangered	species.	There	is	a	distinct	possibility	to	lose	alleles	from	the	gene	
pool.	Losing	alleles	may	lead	to	decreased	evolutionary	fitness	of	the	population.	
	
A	specific	form	of	genetic	drift,	known	as	the	founder	effect,	occurs	when	a	small	
group	of	individuals	become	isolated	from	a	larger	population	and	establishes	a	
new	population	in	isolation.	Since	this	founders	group	is	a	small	subset	removed	
from	the	much	larger	population,	it	is	likely	that	it	carries	only	a	subset	of	the	
genetic	diversity	present	in	the	mainland	population.	
	
Of	all	of	the	mechanisms	of	an	evolutionary	process,	genetic	drift	is	the	one	that	is	
the	least	well	understood	by	students.	The	misconception	that	students	have,	and	
the	one	that	the	simulations	in	this	lesson	directly	counters,	is	that	genetic	drift	is	
the	result	of	random	death	of	individuals.	Students	make	the	false	parallel	between	
selective	pressures	resulting	in	individual	death	and	the	phenomenon	we	see	as	
genetic	drift.	They	tend	to	think	that	drift	is	caused	by	death	as	well,	it’s	just	that	
this	death	is	random	and	not	selected.	The	outcome	from	this	lesson	is	for	
students	to	see	that	genetic	drift	is	not	due	to	random	death,	but	rather	random	
inheritance	of	alleles.	
	
	
	
NGSS	addressed	in	this	lesson:	
	
HS-LS3-2	
	
Make	and	defend	a	claim	based	on	evidence	that	inheritable	genetic	variations	may	
result	from	(1)	new	genetic	combinations	through	meiosis,	(2)	viable	errors	occurring	
during	replication,	and/or	(3)	mutations	caused	by	environmental	factors.		
	
HS-LS4-2	
	
Construct	an	explanation	based	on	evidence	that	the	process	of	evolution	primarily	
results	from	four	factors:	(1)	the	potential	for	a	species	to	increase	in	number,	(2)	the	
heritable	genetic	variation	of	individuals	in	a	species	due	to	mutation	and	sexual	
reproduction,	(3)	competition	for	limited	resources,	and	(4)	the	proliferation	of	those	
organisms	that	are	better	able	to	survive	and	reproduce	in	the	environment.	
	
HS-LS4-4	
	
Construct	an	explanation	based	on	evidence	for	how	natural	selection	leads	
to	adaptation	of	populations.	
	
Genetic	Drift	and	the	Founder	Effect	
	
Genetic	Drift:	
Genetic	drift	is	a	term	used	to	describe	chance	fluctuations	in	the	allelic	
frequencies	of	a	gene	in	a	population	over	time.	The	effects	of	genetic	drift	tend	to	
be	very	minor	in	large	populations,	but	they	can	be	quite	significant	in	small	
populations.	It	helps	to	understand	why	if	we	use	a	coin	flipping	analogy.	If	the	
number	of	flips	of	an	unbiased	coin	is	very	large,	say	1,000,000	flips,	then	any	
chance	deviation	from	the	expected	frequencies	of	50%	heads	and	50%	tails	will	be	
very	tiny.	If,	on	the	other	hand,	the	number	of	flips	of	a	coin	is	very	small,	say	only	
10	flips,	then	the	chance	deviations	from	the	expected	frequencies	can	be,	and	
often	will	be,	quite	significant.	In	fact,	with	only	10	flips	of	the	coin,	it	is	not	at	all	
unreasonable	to	get	7	heads	and	3	tails,	or	vice-versa.	It	is	essentially	impossible	to	
get	that	same	split	of	70%	heads	and	30%	tails	when	flipping	an	unbiased	coin	
1,000,000	times.			
	
Now,	instead	of	using	the	frequencies	of	heads	and	tails	for	a	flipped	coin,	let’s	use	
the	frequencies	of	dominant	and	recessive	alleles	for	a	gene.	Alleles	are	different	
functional	forms	in	which	a	gene	might	exist.	Humans	have	two	alleles,	sometimes	
the	same	but	sometimes	different,	of	most	of	their	genes.	Let’s	assume	that	there	
are	equal	numbers	of	dominant	and	recessive	alleles	for	some	gene	in	a	
population.	If	these	alleles	get	passed	on	at	random	to	future	generations,	then	we	
should	expect	to	see	the	same	frequencies	of	alleles	in	the	next	generation:	50%	
dominant	and	50%	recessive.	But	due	to	chance,	slightly	more	recessive	alleles,	for	
example,	might	get	passed	on	than	dominant	alleles,	causing	the	allelic	
frequencies	to	change.	This	affect	will	be	more	pronounced	in	a	small	population	
with	a	small	number	of	alleles,	just	as	it	was	in	the	coin	flipping	analogy	with	a	
small	number	of	flips.	Furthermore,	since	this	change	in	allelic	frequencies	is	
completely	due	to	chance,	it	is	just	as	likely	that	the	frequency	of	the	recessive	
allele	will	decrease	in	the	following	generation	as	it	is	that	it	will	increase.	Thus,	
the	frequencies	of	the	dominant	and	recessive	alleles	will	tend	to	fluctuate	or	
“drift”	up	and	down	over	time.			
	
As	the	allelic	frequencies	of	a	gene	fluctuate,	it	is	possible,	especially	in	a	very	
small	population,	that	an	allele	may	actually	drift	to	the	point	where	its	frequency	
reaches	zero.	This	means	that	the	allele	no	longer	exists	in	the	population,	and	is	
called	allelic	fixation.	It	is	for	this	reason	that	genetic	drift	is	treated	as	an	
evolutionary	mechanism	that	decreases	genetic	variability	within	a	population.	
Drift	cannot	make	new	alleles	appear	within	a	population	(that	would	require	
mutations	or	gene	flow),	but	it	can	cause	existing	alleles	and	the	traits	that	they	
code	for	to	disappear.	
	
	
	
Genetic	Drift	Simulation	
Genetic	drift	can	be	defined	as	a	random	fluctuation	in	gene	frequency.	More	
specifically,	it	tells	us	that	different	alleles	may	increase	or	decrease	in	a	
population	in	proportion	to	one	another	over	time,	just	by	chance,	rather	than	due	
to	any	fitness	advantage.			
	
The	following	activity	and	questions	will	help	you	see	how	these	fluctuations	work	
and	can	impact	a	small	population.		
	
	
http://evolution.berkeley.edu/evosite/evo101/IIID1Samplingerror.shtml	
	
Directions:		
1. Collect	a	mix	of	100	beads,	50	of	each	color.	These	100	beads	represent	the	
alleles	for	50	diploid	individuals	in	a	population.	(Diploid	means	two	sets	of	
genetic	information.	You	are	diploid,	for	example,	because	you	get	genetic	
information	from	both	of	your	parents)	
2. Without	looking	at	the	color,	draw	10	beads	out	of	your	pile.		Count	how	
many	of	each	color	you	have.		
3. Use	the	proportion	you	determine	from	the	beads	you	pulled	to	“restock”	
your	population.	For	example,	if	you	pulled	6	black	and	4	blue,	then	60%,	or	
60	beads,	in	your	next	generation	would	be	black.		
4. Repeat	and	collect	your	ratios	for	10	more	generations,	changing	allelic	
frequencies	according	to	the	random	pull	of	beads	from	your	100	bead	
sample.	(see	the	start	of	table	for	an	example).	
5. Record	the	frequency	of	black	beads	after	each	generation.	
	
Submission:	
⊕ Create	a	scatterplot	that	includes	your	genetic	drift	results	and	those	of	four	
other	populations	randomly	selected	from	your	class.	Write	an	informative	
caption.	
⊕ Write	a	one	paragraph	summary	
	
Questions	to	consider	for	your	summary	
	
? Why	did	you	have	to	“restock”	your	bag	between	generations?	How	does	
this	relate	to	allele	frequencies	in	your	gene	pool?	How	does	this	relate	to	
inheritance?	
? When	you	look	at	your	ten	generation	sample,	what	did	you	notice	about	
the	fluctuations?	What	would	you	expect	to	see	over	time?	Were	you	ever	
close	to	losing	an	allele?	
? How	would	you	expect	your	answer	for	number	2	to	change	in	an	smaller	
population	of	ten	individuals?	Why?	What	about	a	very	large	population	
with	1000	individuals?			
? How	might	you	change	this	simulation	to	include	other	mechanisms	
(Natural	Selection,	Gene	Flow,	and	Mutation).	
? As	you	compare	your	data	to	the	data	from	others	in	the	class,	how	did	the	
fluctuations	of	Allele	1	vary?	
	
	
Founder	Effect:	
Another	form	of	genetic	drift,	known	as	the	founder	effect,	occurs	when	a	small	
group	of	individuals	become	isolated	from	a	larger	population	and	establishes	a	
new	population	elsewhere.	For	example,	let's	assume	that	a	small	group	of	birds	
from	a	large	mainland	population	is	blown	out	to	sea	during	a	heavy	storm.	They	
are	lucky	enough	to	land	on	a	remote	oceanic	island	and	establish	a	new	
population	there.	Since	this	small	group	(i.e.,	the	"founders"	of	the	new	island	
population)	is	a	small	subset	removed	from	the	much	larger	mainland	population,	
it	is	likely	that	it	carries	only	a	subset	of	the	genetic	diversity	present	in	the	
mainland	population.	Also,	since	chance	often	plays	a	significant	role	in	
determining	who	the	founders	are,	the	allelic	frequencies	of	the	genes	among	this	
group	of	founders	are	likely	to	be	different	from	those	in	the	mainland	population,	
or	from	any	other	group	of	founders	isolated	from	that	same	mainland	population.		
	
Founder	effect	Simulation	
This	part	of	the	activity	is	designed	to	simulate	a	special	case	of	genetic	drift:	the	
founder	effect.	Skittles	will	be	used	to	represent	the	alleles	of	a	gene	instead	of	
beads.	The	gene	you	will	work	with	has	seven	alleles,	each	represented	by	a	
different	color	skittle.	The	canister	full	of	skittles	represents	a	large	population.	
You	will	each	establish	your	own	small	founder	population	by	removing	a	random	
sample	of	skittles	from	the	large	canister.	The	specific	procedures	for	doing	so	are	
described	below.			
	
Each	person	goes	to	the	front	of	the	classroom	and	selects	a	paper	cup	and	a	paper	
plate.			
	
Using	the	paper	cup,	each	person	scoops	out	a	random	sample	of	skittles	from	the	
large	canister.		Do	not	touch	the	skittles	with	your	hands.			
	
Pour	the	skittles	from	your	paper	cup	onto	your	paper	plate	and	count	how	many	
skittles	you	have	of	each	color.		You	may	not	have	all	seven	colors	in	your	sample.	
The	frequency	of	each	color	skittles	may	not	match	the	frequency	of	colors	in	the	
larger	population.	These	are	effects	of	the	founder	effect.	
	
Count	the	numbers	of	skittles	of	each	color	and	record	your	data	on	the	class	
Google	sheet.	This	Google	sheet	has	eleven	tabs,	one	for	the	founder	population	
and	each	of	the	ten	successive	generation.	
	
For	our	simulation,	this	small	population	will	reproduce	through	four	generations,	
again	with	genetic	drift	occurring,	but	also	with	a	natural	selection	applied.	
	
To	simulate	drift:	
For	each	color	of	skittles	that	you	have,	flip	a	coin	to	determine	whether	that	color	
will	reproduce	for	the	next	generation.	A	coin	flip	resulting	in	a	tails	will	indicate	
that	the	color	did	not	reproduce	and	will	remain	the	same	for	the	next	generation.	
	
To	simulate	selection:	
Some	of	the	colors	reproduce	better	than	others,	as	follows:		
⎨ Red	and	Orange:	1	offspring	
⎨ Yellow	and	Green:	2	offspring	
⎨ Purple:	3	offspring		
	
Determine	the	frequencies	of	colors	in	your	next	generation	given	the	reproductive	
rates	of	each	color	and	the	random	reproductive	success	due	to	genetic	drift.	Put	
your	calculated	frequencies	in	the	next	tab	in	the	Google	sheet	for	generation	2	
(stay	in	line	with	your	student	#).	These	frequencies	will	equal	the	numbers	of	new	
offspring	plus	the	numbers	from	the	founder	generation.		
	
Repeat	for	two	more	cycle	to	create	a	3rd	and	4th	generation.		
	
Data	analysis	and	submissions:		
⊕ Sum	the	skittles	of	the	various	colors	in	all	founder	populations	together.	
Calculate	the	frequencies	of	each	color	total	within	all	of	the	populations.	
Although	this	is	still	a	sampling	of	the	bigger	collection,	we	will	use	it	as	a	
better	approximation	of	the	overall	population	frequencies.	
⊕ Make	a	scatterplot	graph	your	population	starting	with	the	founder	
population	and	including	the	three	subsequent	generations.	
⊕ Using	the	class	frequency	data,	create	a	line	graph	with	three	lines.	One	line	
is	for	red	OR	orange	skittles;	a	second	is	for	yellow	OR	green;	and	the	third	
is	for	purple.	Fit	each	series	with	a	straight	trendline.	
⊕ Write	informative	captions	for	each	graph.	
⊕ Write	a	one	paragraph	summary	
	
Questions	to	consider	for	your	summary	
	
? Were	the	allelic	frequencies	(i.e.,	skittle	color	ratios)	the	same	between	your	
founder	population	(your	sample	of	skittles)	and	the	original	population	(all	
founder	populations	together)?	Explain	why	this	is	the	case.	
? Did	all	of	the	founder	populations	(all	founder	populations	separately)	have	
the	same	ratio	of	different	color	skittles?	Explain	why	this	is	the	case.			
? Compare	the	trends	that	you	see	for	each	of	the	colored	skittles.	Does	this	
coincide	with	your	understanding	of	the	evolutionary	mechanisms	of	
genetic	drift	and	selection.	
? Explain	how	having	a	founder	population	may	end	up	with	different	
outcomes	over	evolutionary	timescale	than	seen	in	a	much	larger	
population.		
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